Abstract A multidimensional impairment may influence the clinical outcome of acute diseases in older patients. The aim of the current study was to evaluate whether a Multidimensional Prognostic Index (MPI) based on a comprehensive geriatric assessment (CGA) predicts short-and longterm all-cause mortality in older patients hospitalized for transient ischemic attack (TIA). In this prospective study with 1-year follow-up, 654 patients aged 65 and older with a diagnosis of TIA according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM 435.x) were enrolled. A standardized CGA that included information on functional (activities of daily living, ADL, and Instrumental ADL), cognitive status (Short Portable Mental Status Questionnaire), nutrition (Mini Nutritional Assessment), risk of pressure sores (Exton-Smith Scale), comorbidities (Cumulative Illness Rating Scale), medications and co-habitation status was used to calculate the MPI for mortality using a previously validated algorithm.
Introduction
Transient ischemic attacks (TIAs) are common disorders in older people [1, 2] . About two-thirds of the total TIA events occur in older patients as TIA incidence rate increases exponentially with age [3, 4] . It ranges from 0.5% per year in patients younger than 65 years up to 6.41% per year in patients over 85 years [3] [4] [5] . In different settings, patients with TIA have a substantial increased risk of recurrent stroke and others cardiovascular events, such as myocardial infarction [1] [2] [3] [4] [5] [6] [7] . Thus, the identification of patients at higher risk for vascular events during the first weeks after a TIA would allow appropriate choices for secondary prevention strategies. Some prognostic methods have been validated to predict short-and long-term risk for stroke, death, and composite vascular outcomes in TIA patients with a time window from 2 days to 5 years [8] [9] [10] [11] [12] [13] [14] [15] [16] . In particular, the stroke prognosis instrument (SPI) I and II stratified patients with TIA or ischemic stroke by prognosis for stroke or death in 2 years [11, 12] . Furthermore, the California score [13] , the age, blood pressure, clinical features and duration (ABCD) score [14] , and the more recent ABCD2 score [15] are the most accurate indices to predict the risk of stroke 2, 9, 30, and 90 days after the TIA, with some evidence suggesting that ABCD2 score may be associated with an increased general risk for vascular events in the medium-to long-term follow-up after TIA [16] . Finally, also the presence of lesions on diffusionweighted magnetic resonance imaging (DW-MRI) has been also associated with an increased risk of early stroke and death after 90 days in TIA patients [17, 18] .
Factors identified in previous studies as associated with an increased 1-year risk of death are old age [7, 19] , diabetes [7, 19] , previous stroke [19] , or myocardial infarction [7, 19] , previous history of claudication or peripheral vascular surgery [7] , and the presence of Q waves or negative T waves on baseline electrocardiography [7] . An accurate score evaluating the long-term prognosis of all-cause mortality in TIA patients, however, has not yet been defined, especially in older patients. Since in older subjects all-cause mortality results from a combination of biological, functional, psychological, and environmental factors, tools that effectively identify patients with different life expectancy should be multidimensional in nature [20, 21] . Recently, a Multidimensional Prognostic Index (MPI) for 1-year all-cause mortality derived from a standardized comprehensive geriatric assessment (CGA) was developed and validated in two independent cohorts of elderly patients hospitalized for acute disease or relapse of a chronic disease [22] . The aim of the present study was to evaluate the prognostic accuracy of the MPI, derived from a standardized CGA, on predicting short-(1 month) and long-term (12 months) all-cause mortality in elderly patients hospitalized for TIA.
Methods

Subjects and setting
Patients aged 65 years and older admitted from January 1, 2005 to December 31, 2007 to the Geriatric Unit of the Casa Sollievo della Sofferenza Hospital, IRCCS, San Giovanni Rotondo, Italy, due to acute disease or relapse of a chronic disease were screened for eligibility. Inclusion criteria were: (1) age C65 years; (2) diagnosis of TIA; (3) ability to provide an informed consent or availability of a proxy for informed consent and (4) a complete CGA performed during hospitalization. At baseline, the following parameters were collected by a systematic interview, clinical evaluation, and review of records from the patients' general practitioners: date of birth, gender, clinical history, current pathologies, and medication history. A neurological evaluation was performed and serum sample were taken for the analysis of complete blood count, chemistry panel, and coagulation tests. Clinical information pertinent to potential risk factors of TIA were collected during hospitalization in all patients, including smoking habit, regular use of alcohol, and the presence of concomitant diseases. Early diagnostic management also included an ultrasound Doppler of the supraaortic vessels and the electrocardiography. In all patients, cerebral imaging, i.e., tomography (TC), and/or magnetic resonance (MRI), was also performed to exclude acute brain ischemic damage and/or tumors of the brain. All patients received a standard CGA. Vital status up to December 31, 2008 was assessed by directly contacting the participants or consulting the registry offices of the cities where the patients were residents at the time of hospital admission. Dates of death were identified from death certificates. The protocol of the study was approved by our Institute Ethic Committee.
Diagnosis of TIA and comprehensive geriatric assessment (CGA)
The study population included hospitalized patients with a primary discharge diagnosis of TIA according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM 435.x), as previously reported in a large TIA study in elderly people [23] . The CGA was carried out using assessment instruments widely employed in clinical practice. Functional status was evaluated by the activities of daily living (ADL) score [24] and by the instrumental activities of daily living (IADL) score [25] . Cognitive status was assessed by the short portable mental status questionnaire (SPMSQ) [26] . Comorbidity was examined using the cumulative illness rating scale (CIRS) [27] , while nutritional status was explored with the mini nutritional assessment (MNA) [28] . The Exton-Smith scale (ESS) was used to evaluate the risk of developing pressure sores [29] . Medication use was defined according to the Anatomical Therapeutics Chemical Classification code system (ATC classification), and the number of drugs used by patients at admission was recorded. Cohabitation status, i.e., living with family (with spouse and/or other relatives and/or a caregiver), institutionalized or living alone, was also recorded. The approximate time required to collect data for the CGA was 20 min (range from 15 to 25 min).
Multidimensional Prognostic Index (MPI)
We used the MPI, an algorithm developed and previously validated in two independent cohorts of elderly hospitalized patients that accurately predicts 1-year mortality [22] . This MPI was developed by the inclusion of information from the above-reported eight domains of the CGA, i.e., ADL, IADL, SPMSQ, CIRS-CI, MNA, ESS, medication use, and cohabitation. For each domain, a tripartite hierarchy was used, i.e., 0 = no problems, 0.5 = minor problems, and 1 = major problems, based on conventional cut-off points derived from the literature for the SPMSQ [26] , MNA [28] , EES [29] , and ADL/IADL [24, 25] or observing the frequency of distribution of patients in the previous validation study for comorbidities and the number of medications. The sum of the calculated scores from the eight domains was divided by eight to obtain a final MPI risk score between 0 = no risk and 1 = higher risk of mortality. The specific thresholds used to define the three categories are available in the Table 1 . As previously reported [22] , the MPI was expressed as three grades of risk: MPI-1 low risk (MPI value B0.33), MPI-2 moderate risk (MPI value between 0.34 and 0.66), and MPI-3 severe risk (MPI value [0.66).
Statistical analysis
Patients' baseline characteristics were reported as mean ± standard deviation (SD) or frequencies and percentages for continuous and categorical variables, respectively. Baseline comparisons between men and women were made using Pearson's Chi-square test for categorical variables and Mann-Whitney U test for continuous variables. Baseline differences according to MPI grades were assessed with ANOVA F test for trend on ranks or MantelHaenszel Chi-square test for continuous and categorical variables, respectively. All-cause mortality incidence rates for 100 persons according to gender and MPI were reported and a p value for trend was assessed with a Poisson regression model: 1-month all-cause mortality was reported as events/person-month, 6-month all-cause mortality was reported as events/person-6-months, and 12-month allcause mortality was reported as events/person-12-months. Time to event analysis was performed using proportional hazard regression models adjusting for age and gender. Risks were reported as hazard ratios (HR) along with their 95% confidence interval (CI). Age-and sex-adjusted survival curves derived from proportional hazards regression models were also shown. The discriminatory power of MPI, considered as a continuous variable, for 1-month, 6-month, and 12-month all-cause mortality was assessed by estimating the area under the receiver operating characteristic (ROC) curves, along with their 95% confidence intervals using DeLong's method, following logistic regression models adjusted for age and sex. Survival C-index was computed according to Harrell's approach following proportional hazards regression models adjusted for age and sex [30] . A p value \0.05 was considered for statistical significance. All analyses were performed using SAS Release 9.1 (SAS Institute, Cary, NC, USA).
Results
Study population
During the enrolment period, 705 patients were consecutively discharged from the Geriatric Unit with a diagnosis of TIA. Twelve patients were excluded because they were Table 2 . The overall all-cause mortality incidence rates were 3.65 at 1 month, 8.24 at 6 months, and 14.35 at 12 months of follow-up, without significant differences between men and women.
Multidimensional Prognostic Index (Table 4) . Conversely, others variables, i.e., smoking habit, regular use of alcohol and the presence of diabetes, peripheral vascular disease, atrial fibrillation, heart failure, ischemic cardiac disease, and dyslipidemia failed to show a significant predictive ability for all-cause mortality. In this population, however, the presence of hypertension was significantly protective for the mortality after 1 year of follow-up. The estimated all-cause mortality risk by the MPI was higher during the first month of follow-up than after 6 or 12 months of follow-up. Figure 1 shows the age-and sex-adjusted survival curve for different grades of MPI; patients with higher MPI grades demonstrated a significantly higher mortality than patients HR hazard ratio, 95% CI 95% confidence interval, ADL activities of daily living, IADL instrumental activities of daily living, SPMSQ shortportable mental status questionnaire, ESS Exton-Smith scale, CIRS-CI cumulative illness rating scale-comorbidity index, MNA mini-nutritional assessment with lower MPI grades (p \ 0.0001). The predictive performance of the MPI score had a significant high discriminatory power for 1-month all-cause mortality (age-and sexadjusted area under the ROC curve = 0.82, 95% CI = 0.75-0.89, p \ 0.0001), 6-month all-cause mortality (age-and sex-adjusted area under the ROC curve = 0.80, 95% CI = 0.74-0.86, p \ 0.0001) and 12-month all-cause mortality (age-and sex-adjusted area under the ROC curve = 0.77, 95% CI = 0.72-0.82, p \ 0.0001) (Table 5) . Furthermore, overlapping results were observed using the age-and sex-adjusted Survival C index: 1-month all-cause mortality = 0.81 (95% CI = 0.74-0.88; p \ 0.0001), 6-month all-cause mortality = 0.79 (95% CI = 0.73-0.85; p \ 0.0001) and 12-month all-cause mortality = 0.76 (95% CI = 0.71-0.81; p \ 0.0001). For sake of completeness, the predictive performance was also assessed for unadjusted and age-adjusted regression models and separately for males and females (Table 5) , and consistent results were found.
Discussion
In the present study, we demonstrated that the MPI, derived from a standardized CGA, was effective in predicting short-and long-term all-cause mortality risk in older patients with TIA admitted to a geriatric hospital ward. These data are similar to the results reported in previous studies carried out with the MPI in older patients with acute diseases or relapse of a chronic disease, such as gastrointestinal bleeding [31] , pneumonia [32] , dementia [33] , heart failure [34] , and liver cirrhosis [35] .
To the best of our knowledge, this is the first description of a prognostic index based on data available from a standard CGA for older hospitalized patients with TIA. This instrument is easy to use and the time to complete all the tests is about 20 min per evaluation. As was shown by the ROC curves, the discrimination of the MPI was also good with the area under the ROC curves of 0.82 at 1 month, 0.80 at 6 months, and 0.77 at 12 months of follow-up. These values are similar to the areas under the ROC curves reported in previous studies carried-out with the MPI in hospitalized elderly patients with different main diagnoses [31] [32] [33] [34] [35] . In our sample, the overall 1-month mortality of 3.65% was relatively higher compared to 1-2% reported in previous studies [36, 37] . It should be noted that the present study included older patients (mean age = 79.3 years), who were acute hospitalized and possibly at high risk for short-time death. As expected, the mortality incidence rates for 100 person-month decreased during the follow-up in all three MPI groups. The overall 1-year mortality observed in our study was 14.35% without significant differences between men and women. This rate was in agreement with data from a recent large study reporting a total 13.6% of all-cause mortality in elderly patients with TIA [17] .
In this population of older patients, the Cox regression analysis demonstrated that the MPI and most of its individual components (ADL, IADL, SPMSQ, MNA, CIRS, and ESS) were significantly predictive of short-and longterm mortality. Conversely, several diseases and conditions potentially associated with TIA in older people, including diabetes, peripheral vascular disease, atrial fibrillation, ischemic cardiopathy, dyslipidemia, and cigarette smoking and alcohol use were not. Indeed, the ABCD2 score well predicted the risk of stroke after a TIA in the first 90 days, having a fundamental role in early management of patients; no score, however, has yet been identified to evaluate short-and long-term risk of all-cause mortality in TIA patients.
The present study has some limitations. First, since the study population includes selected patients admitted to a single geriatric unit, it is possible that the sample is unrepresentative of the older population hospitalized with TIA. Furthermore, it is possible that it may not be applicable to institutionalized or ambulatory TIA patients. Second, the diagnosis of TIA by coding ICD 9, even if supported by a strong clinical and instrumental evaluation, has less accuracy of a specialist-assigned TIA diagnosis, as previously reported [38] . Third, because MPI needs a complete CGA assessment in an acute setting, it is possible that it is a complex bedside index to use in all elderly patients with TIA. Moreover, the outcome of the present study (all-cause mortality) includes fatal vascular events, which presumably may be preventable, but also other causes of death that are not. However, other prediction models have composite vascular outcome (stroke, myocardial infarction, or vascular death or fatal or nonfatal stroke or coronary event) [8] [9] [10] , or only stroke has an outcome [14] [15] [16] , supporting the need for a prognostic tool also for all-cause mortality in TIA patients. A very recent study suggested that discrimination was poor for all currently available risk prediction models for patients with a recent TIA or minor stroke, indicating the need for stronger predictors [39] with selected outcomes. Finally, the patients were recruited within a single hospital. Thus, larger prospective multicenter studies are needed to confirm the findings. In conclusion, we have described a MPI in hospitalized elderly patients with TIA. This index was a sensitive measure of the multidimensional risk assessment that might be useful in identifying elderly patients with TIA at different risk of all-cause mortality. Conflict of interest None. 
